A sin gle fo rmul a is giv e n for coexiste nce te mpe rature as a continuou s fun cti on of th e va por·liquid densiti es . With six coeffi cie nts a nd se ve n adju sted expone nts, it ma y conveniently re place th e se ve ral formul ae form e rl y used in se pa rate regio ns of th e data. Freezin g liquid de nsiti es are desc ribed by a simple power law in te mpe rature, re placing more complicated formulae. Computed results are tabulated and compared with the de rived data.
Introduction
Data for den sities of the coexisting phases of parahydrogen are derived, not dire ctly experimental. They were obtained as intersections of PVT isochores and isotherms with vapor-pressure and melting-line formulae for P(1) at coexistence [1, 2] .1 Any con cise d ecription of these densities is a useful c omputational aid , as for example, to obtain heats of transition via the Clapeyron and P( T) equations. In [1] , however , we had used three formulae, in three r egions of the orthobaric densitie s, with a total of 14 coefficients and about 12 adjusted exponents. The present searc h for a single formula for orthobaric densitie s was motivated by the successful application of Ehrlich' s simple formula for saturated liquid [5] to our parahydrogen data. This is reported below.
Background on fluid behavior is given by [3] , and quantum effects are under study [4] . Additional references on parahydrogen are given in the monograph [6] . Useful with the Clapeyron equation are recent determinations of heats of fusion [7] and of densities of solid parahydrogen [8] . The words: coexisting; at coexistence; orthobaric; at saturation; and saturated vapor, liquid or solid, all refer to one or more of at least two phases in equilibrium. The NBS-1955 low temperature sCille used here is the same as in [6] , and we define one liter, L, to be 1000 cm 3 It is seen that thi s formula gives an exceIJe nt re presentation of th e data. In attempting to modify Ehrlic h 's formula for densities below criti cal we note that as p ~ 0 the familiar vapor-pressure and virial e quati ons provid e a r elation between temperature and de nsity , where P is pressure, R is the gas constant, and Po, To are constants. At coexistence, D·R·T may be regarded as a function only of the density. Normalizing the above exponential at the critical point in the form, exp [a· (1-1/7)] where a is a constant, and comparing its Taylor's series expansion about 7 = 1 with eq (1), we have been led to the formula,
wherein f3/3 replaces exponent 3 from eq (1), and f(P) is discussed below. This is a single-valued expression for coexistence temperature as a function of the densities, constrained to a given critical point. As the The exponential on the right side of eq (2) has been introduced as an empirical method for seeking representation of data. We let f(p) be a polynomial, and search for the requisite number of terms and powers of p, finding coefficients by least-squares in the form
For each trial f3 and each form,f(p), the value of a is found by an iterative procedure with the high-speed computer. By requisite number of terms and powers of p in this report we mean that combination which yields deviations comparable with uncertainty of the data, and a mean relative deviation less than 0.1 percent. We have used only the critical-point constants established by [1] , not to be confused with the optimizing values in table 1.
With 75 pairs of data for 7(p) [1] , the behavior of Y versus p is highly sensitive to the values of a and of f3. For f3 = 6 and for f3 = 10 we find that Yapparently (3 = 8. tends to infinite discontinuities as p ~ 1, from below or from above, whereas for f3 = 8 the behavior is seen in figure 2 , for which a = 2.97647, f3 = 8. This plot has the qualitative behavior of an isotherm of pressure versus density at temperatures a little above critical, suggesting a cubic polynomial in the density, [or a quadratic for f(p) in eq (2)]. Tedious ex ploration of forms for f(p), however, yields
to complete eq (2) with above values for a , f3. Integer exponents only were explored for the last two terms in eq (3). Mean relative deviation of temperatures using eq (3) is 0.0624 percent. As compared with a three-term expression for f(p), we note that an additional term, A2 . P -1/3, has been required for data at the lowest densities , and an opposition of similar terms, A4 . pB/3 + As . p9/3, (with opposite signs) apparently is required for the critical region ( fig. 2 ). Table 2 gives constants for eqs (2) and (3). Table 3 compares calculated temperatures from eq (2) with the data. Table 4 gives densities obtained from eq (2) by an iterative method at integral temperatures, and compares them with densities calculated in [1] with the more elaborate formulae. Table 5 gives te mperatures from eq (2) at uniformly s paced de nsities and compares them with values from th e monograph [6] . Deviations of temperature (table 3) are relatively large and uniform for liquid densities approachin g the triple point, giving alarm that the large exponents used in eq (3) may be responsible. From [6] we find, however, that (P /T)(dT/dp) = 3 to 6 in this region, so that relative temperature deviations will be roughly fivefold greater than corresponding density deviations . We note, also, the experim e ntalist's estimate of 0.1 percent accuracy [9] for muc h of the density data used in [1] . Turning to deviations in density, we see in figure 1 that those from eq (2), filled circles, are smalle r than or comparable with those from the simple formula eq (1). [To avoid a multiplicity of tables, we have com pared densities from eq (2) with the sufficie ntly precise, calculated results from [1] ; hence the relative difference also is a smooth function.] It appears hi ghly improbable that de viations of eq (2) are due entirely to the form of f(P) in e q (3). With data for other substances, however, we may expect that this form should b e modified_ In [2] , densities of freezing liquid were derived as intersections of PVT isochores and isotherms with an analytically described P(T) melting line, and given a rather complicated, empirical description. We now find that a simple power law [eq (4)] is sufficient. Variables are normalized at the triple point (subscript t):
For parahydrogen, the constants used are D t = (1.01 0.026176) g moll L, Tt = 13.803 OK [10] , and we find the exponent, 'Y = 0.310 4277 by minimizing the mean relative deviation. Table 6 shows that eq (4) gives adequate representation. The first four columps are from [2] .
The number of digits , given for constants in tables 1,2, and for 'Y in eq (4), is more than sufficient to reproduce the calculated results, and is not the result of statistical analysis .
Mr. William 1. Hall contributed the essential computer programs for iteration and for least squares. 
